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ABSTRACT
Objective To compare the effectiveness of radial
extracorporeal shockwave treatment with that of
supervised exercises in patients with shoulder pain.
Design Single blind randomised study.
Setting Outpatient clinic of physical medicine and
rehabilitation department in Oslo, Norway.
Participants104patientswithsubacromialshoulderpain
lasting at least three months.
Interventions Radial extracorporeal shockwave
treatment: one session weekly for four to six weeks.
Supervised exercises: two 45 minute sessions weekly for
up to 12 weeks.
Primary outcome measure Shoulder pain and disability
index.
Results A treatment effect in favour of supervised
exercisesat6,12,and18weekswasfound.Theadjusted
treatmenteffectwas −8.4(95%confidenceinterval −16.5
to −0.6) points. A significantly higher proportion of
patients in the group treated with supervised exercises
improved—odds ratio 3.2 (1.3 to 7.8). More patients in
the shockwave treatment group had additional treatment
between 12 and 18 weeks—odds ratio 5.5 (1.3 to 26.4).
Conclusion Supervised exercises were more effective
than radial extracorporeal shockwave treatment for short
term improvement in patients with subacromial shoulder
pain.
Trial registration Clinical trials NCT00653081.
INTRODUCTION
The shoulder is the fourth most common site of mus-
culoskeletal pain reported by patients to general prac-
titioners and physiotherapists.
1 Rotator cuff disease,
impingement syndrome, and rotator cuff tendinosis
are terms used synonymously with subacromial
shoulder pain. The exact source and mechanism of
the pain is unknown.
2 Histopathology studies show
mainly degenerative changes in the rotator cuff ten-
dons, but other factors also contribute to the pain and
dysfunction.
13
Patients with subacromial shoulder pain are often
treated with physiotherapy, non-steroidal anti-
inflammatory drugs, and corticosteroid injections.
Physiotherapy includes a variety of modalities such as
electrotherapy,radialextracorporealshockwavetreat-
ment, ultrasound treatment, laser treatment, manual
therapy,supervisedexercises,slingexercisetreatment,
andacupuncture.
4-7Someevidenceexistsforthe effec-
tivenessofcorticosteroidinjections,non-steroidalanti-
inflammatory drugs, and exercises for chronic
shoulder pain.
8-10 A recent systematic review con-
cluded that surgery and exercises are equally effective
for rotator cuff disease.
11 In studies of musculoskeletal
pain,womenreportpainthatismoresevere,morefre-
quent, and of a longer duration than do men.
1213 Stra-
tification by sex or adjustment for sex is therefore
recommended in the analysis of data from trials.
In a systematic review, Harniman et al found mod-
erate evidence that low energy radial extracorporeal
shockwave treatmentwas not effective for non-calcify-
ing rotator cuff tendinosis.
6 Additional studies includ-
ingpatientswithcalcifyingornon-calcifyingtendinosis
reported no treatment effect compared with sham or
control.
1415 Despite these findings, shockwave treat-
ment is increasingly used for subacromial shoulder
pain. To our knowledge, radial extracorporeal shock-
wave treatment has not been compared with exercises
in a clinical trial including patients with shoulder pain.
The purpose of this study was to compare the short
term effect of radial extracorporeal shockwave treat-
ment and supervised exercises in patients with suba-
cromial shoulder pain.
METHODS
Participants
The study was designed as a randomised single blind
clinical study. Participants were recruited by physi-
cians at the outpatient clinic of the Physical Medicine
and Rehabilitation Department at Ullevaal University
Hospital, Oslo, Norway, between July 2006 and
August 2007.
Womenandmenagedbetween18and70yearswith
subacromialshoulderpainlastingatleastthreemonths
were eligible for inclusion. The following diagnostic
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normalpassiveglenohumeralrangeofmotion,painon
two of three isometric tests (abduction at 0° or 30°,
external or internal rotation), and a positive Ken-
nedy-Hawkins sign.
11617 Park et al recommend these
combined clinical tests for a clinical diagnosis of sub-
acromial impingement syndrome (or rotator cuff ten-
dinosis) with a post-test probability of 95%.
17 Patients
with rotator cuff rupture were included if they fulfilled
the above criteria. Exclusion criteria were bilateral
shoulder pain, previous surgery on the affected
shoulder, instability, clinical signs of a cervical syn-
drome, rheumatoid arthritis, clinical and radiological
signs of glenohumeral or acromioclavicular arthritis,
inability to understand Norwegian,serious psychiatric
disorder, use of anticoagulant drugs (except low dose
aspirin), pregnancy, previous experience of one of the
study interventions, or unwillingness to accept either
of the interventions in this study.
Randomisation
The patients were referred to the investigator (KE, a
physiotherapist), received oral and written informa-
tionaboutthetwotreatments,andgavetheirinformed
consent before the baseline evaluation. A statistician
not involved in data collection or analysis randomly
allocated patients to treatment groups in blocks of
fourtosix.Randomisationwasstratifiedbysex.Aper-
son not involved in the treatments opened the sealed
envelopes and assigned appointments according to
treatment group.
Outcomes
The participants completed a comprehensive ques-
tionnaire including questions on demographics, edu-
cation, duration of pain, sick leave, emotional
distress, and the outcome measures. The main
outcome measure was the shoulder pain and disability
index (SPADI), a self report questionnaire for patients
with shoulder pain. The questionnaire consists of 13
questions divided into two domains: pain (five items)
and disability (eight items).
18 Answers are scored on
visual analogue scales from 0 cm (best) to 11 cm
(worst) and in accordance with the original scoring
system.
18 The total score ranges from 0 to 100 points,
withahigherscoreindicatingworseshoulderpainand
disability.
18 A version adapted to Norwegian language
andculture,translatedandbacktranslatedbyindepen-
dent philologists, was used in this study.
1920
Intensity of pain during rest and activity in the pre-
vious week was measured on a nine point Lickert-type
scale,onwhich1indicatesnopainand9indicatessevere
pain.
21Participants were asked two questions about spe-
cificfunctionoftheshoulder:“Canyoucarryashopping
bag (5 kg)?”and “Can you take down something from a
wall cupboard?”These questions were scored on a scale
from 1 (easy) to 7 (impossible).
21 Activerangeofmotion
was measuredbilaterally withanaccuracy of 5°.
2122The
patients decided when the pain condition confined the
movement.
Participantsreportedworkstatusaccordingtoavali-
dated questionnaire.
23 A status of retired was recorded
separately. They also recorded use of drug treatment,
including both daily and weekly treatments for pain,
sleep problems, and depression.
Follow-up
At six weeks the patients completed a postal question-
naire, including the outcome measures, at home. The
12 week and 18 week follow-ups were done at the hos-
pital.Ablindedphysiotherapistmadethebaselineand
follow-upmeasurements. Thepatients were instructed
not to discuss their treatment with the blinded physio-
therapist.
Interventions
Both treatments were given at the Department of Phy-
sical Medicine and Rehabilitation. The supervised
exercise regimen, developed at Ullevaal University
Hospital by Bøhmer in the 1980s,
5 was provided by
two physiotherapists experienced in its performance.
Patients attended two 45 minute sessions weekly for a
maximumof12weeks.Thefirstsessionincludedgath-
ering medical history and bilateral inspection of align-
ment, including the scapula and the glenohumeral
joint. Movement pattern, the immediate co-contrac-
tion, and timing of the scapula and the arm were
observed during elevation to obtain a functional diag-
nosisforindividualguidanceoftreatment.
524Theprin-
cipal focus was on relearning of normal movement
patterns, which could then be transferred to daily
activities.
5 The initial aim was to unload the stress on
the rotator cuff and subacromial structures.
5 During
this phase, a mirror for awareness of posture, manual
techniques for loosening tense muscles, an elastic rub-
ber band, and a sling fixed to the ceiling were used.
524
Thepatients receivedimmediate feedbackand correc-
tion (supervision) by the physiotherapist.
Assessed for eligibility (n=141)
Randomised (n=104)
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Fig 1 | Flow chart of study
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normalised, endurance exercises were performed
with gradually increasing resistance. Principles of
closedandopenkineticchainandplyometricexercises
were incorporated in the next phase of training.
524
Patients had an adjusted programme at home, which
consistedofcorrectionofalignmentduringdailyliving
andsimplelowloadedexerciseswithathinelasticcord
to provide assistance and resistance to the movement.
Simple advice was given.
Radial extracorporeal shockwave treatment (Swiss
Dolor Clast, EMS) was provided by a physiotherapist
experiencedinitsuse.Thetreatmentwasadministered
once a week for four to six weeks; three to five tender
points were treated each time. Points were identified
through a patient oriented biofeedback process (inser-
tion of supraspinatus tendon, dorsolaterally below the
acromion, and a maximum of three trigger points in
the rotator cuff muscles).
25 The frequency applied
was 12-8 Hertz with from 2000 pulses per session,
with a pressure between 2.5 and 4.0 Bar, depending
onwhatthepatienttoleratedwithoutlocalanaesthetic.
Radial extracorporeal shockwave treatment uses
low to medium energy shockwaves generated when a
projectile is accelerated by compressed air and hits an
applicator.
7 These impulses are delivered into the tis-
sue and spread asspherical “radial” waves(rather than
being focused). Patients were informed that the sug-
gestedmechanismforpainreliefwashyperstimulation
analgesia and increased neovascularisation that
improves regeneration of tissue.
625 Patients were
advised to avoid activities that elicited pain.
All the patients were asked not to have any addi-
tional treatment except analgesics (including anti-
inflammatory drugs) for their shoulder pain for the
time between the start of treatment and the 18 week
follow-up.
Sample size
The study was designed to detect a difference of 10
points in the shoulder pain and disability index score
between groups with α value set at 0.05 (type I error)
and β at 0.2 (type II error).
26 After a pilot study, and in
accordancewithapreviousstudy,thestandarddeviation
was estimated to 20.
26The sample size was calculated as
48ineachgroupforaunivariateanalysisofcovariance.
27
This is a linear model using baseline measures of the
primary outcome as a covariate. The ρ was set to 0.5.
27
The study has three post-treatment registrations.
Statistical analyses
Themainoutcomevariable(shoulderpainanddisabil-
ity index score) is considered to be a continuous
variable.
26 To evaluate the treatment effect (the mean
differencebetweenthegroupsatsix,12,and18weeks),
we used the mixed model analysis (repeated
measurements).
28 This model includes the interaction
between treatment and elapsed time, baseline values
are adjusted, and we assume that data are missing at
random.
28 The distribution of future values for a parti-
cipant who drops out at time t and one who remains in
at time t is expected to be the same if they have the
same covariates and the same history of outcome
until time t.
28 Model assumptions were checked by
residual plots. We estimated the smallest detectable
real difference between two measurements on the
same person to be 19.6 points on the shoulder pain
and disability index and used this as a cut-off point.
19
We calculated the number needed to treat (NNT)
according to the method of Guyatt et al.
29
We checked the secondary outcome measures for
normal distribution and found that parametric statis-
tics were appropriate.
30 We used logistic regression
with adjustment for baseline values to compare work
statusanddrugtreatment.Weanalyseddataaccording
to the intention to treat principle, in which the study
groups are compared in terms of the treatment to
which they were randomly allocated.
RESULTS
A total of 141 patients were eligible for inclusion, and
104 were randomised for study intervention (fig 1).
The groups were similar at baseline with regard to
age, education, dominant arm affected, duration of
pain, sick leave, shoulder pain and disability index
score, and secondary outcome variables (tables 1, 2
and 3). Seventeen (33%) patients in the radial extra-
corporealshockwavegroupand12(23%)inthe super-
vised exercise group were on sick leave because of
shoulder pain. Five patients in the radial extra-
corporeal shockwave group and two in the supervised
exercise group claimed for disability pension.
Patients treated with radial extracorporeal shock-
waves (n=52) received a median of five (interquartile
range 4-6) treatments. One patient had only one treat-
ment, and one patient had two treatments. Patients in
Table 1 |Baseline characteristics of participant according to treatment group. Values are
numbers (percentages) unless stated otherwise
Characteristics
Supervised exercises
(n=52)
Radial extracorporeal
shockwave treatment (n=52)
Mean (SD) age (years) 49 (9.3) 47 (11.7)
Women/men 26/26 26/26
Dominant arm affected 33 (63) 35 (67)
Education:
≤12 years at school 30 (58) 29 (56)
University/college 22 (42) 22 (42)
Duration of symptoms:
3-6 months 19 (37) 15 (29)
6-12 months 15 (29) 15 (29)
12-24 months 8 (15) 6 (12)
>24 months 10 (19) 16 (31)
Previous treatments:
Physiotherapy 23 (44) 24 (46)
Corticosteroid injection 27 (52) 20 (38)
Mean (SD) EQ VAS* 72.4 (15.2) 62.9 (20.1)
Median (interquartile range) EQ5D index† 0.70 (0.53-0.76) 0.74 (0.58-0.76)
Mean (SD) emotional distress (1-4) 1.5 (0.4) 1.5 (0.5)
VAS=visual analogue scale.
*0=worst imaginable health state; 100=best imaginable health state.
†Evaluates health status: five dimensions with three categories in each.
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ian of 14 (11-16) treatments. One patient did not
receive supervised exercises because of depression,
and another had only four sessions because of an
increase in pain and a suspected adhesive capsulitis.
One patient crossed over to the supervised exercise
group after one treatment with radial extracorporeal
shockwaves (fig 1). Fourteen patients did not return
the questionnaire at six weeks. Two patients rando-
mised to supervised exercises did not attend follow-
up at 12 and 18 weeks, and two patients in the radial
extracorporeal shockwave group did not attend the
18weekfollow-up(fig1).Thirteenpatientsintheradial
extracorporeal shockwave group and three patients in
the supervised exercise group received additional
treatment(cortisoneinjections,chiropractictreatment,
physical therapy/supervised exercises) between 12
and 18 weeks (odds ratio 5.5, 95% confidence interval
1.3 to 26.4; P=0.014).
Primary outcome
The treatment effect was in favour of supervised exer-
cisesatsix,12,and18weeks.At18weeksthetreatment
effectwas−8.4(95%confidenceinterval−16.5to−0.6;
P=0.047) points (table 2, fig 2). The treatment effect
wasconsistent when adjustedfor sex (P=0.049). Thirty
two out of 50 (64%) patients treated with supervised
exercises and 18/50 (36%) patients treated with radial
extracorporeal shockwaves achieved a reduction in
shoulder pain and disability index score exceeding
the smallest detectable difference of 19.6 points (odds
ratio 3.2, 1.3 to 7.8; P=0.009). Two (4%) patients in the
group of supervised exercises and three (6%) in the
radial extracorporeal shockwave group deteriorated
after treatment. The number needed to treat was 3.2
(95% confidence interval 2.1 to 7.1).
Secondary outcomes
At18weeks,resultsforpain,function,andactiverange
of motion were not statistically significant (table 2).
More patients in the supervised exercise group
returned to work (P=0.016) (table 3). Six patients in
the supervised exercise group and one in the radial
extracorporeal shockwave group used less drug treat-
ment (table 3).
Adverse events
One patient in the supervised exercise group reported
a considerable increase in pain and stiffness consistent
with adhesive capsulitis and had only four treatments.
In the group treated with radial extracorporeal shock-
waves, one patient dropped out after one treatment
and one after two treatments because of the aggrava-
tionofpain;oneofthemcrossedovertothesupervised
exercise group (table 4).
DISCUSSION
Wefoundasmallbutstatisticallysignificant difference
in favour of supervised exercises over radial extra-
corporeal shockwave treatment for the primary out-
come (shoulder pain and disability index) at six, 12,
and 18 weeks in patients with subacromial shoulder
pain. The difference was consistent after adjustment
for education and duration of pain. In addition, more
patients from the radial extracorporeal shockwave
group (13 v 3) had additional treatment after
12 weeks, suggesting that they were less satisfied. The
results for the differences in secondary outcomes were
in favour of exercises, but differences were not
Table 2 |Mean (SD) scores and differences in improvement with overall P values at 18 weeks,
from mixed models linear (repeated measures analysis)
Supervised
exercises
Radial extracorporeal
shockwave treatment
Treatment effect
(95% CI) P value
Shoulder pain and disability index
Baseline 48.8 (20.6) 45.1 (22.1)
6 weeks 25.8 (21.5) 33.5 (23.3) −10 (−17.6 to −2.3)
12 weeks 27 (24.2) 36.1 (28.4) −10.3(−19.8to−0.8)
18 weeks 24.5 (25.6) 29.2 (25.9) −8.4 (−16.5 to −0.6) 0.047
Pain
At rest:
Baseline 3.4 (1.9) 3.5 (2.1)
6 weeks 2.6 (1.9) 2.9 (2.1) −0.3 (−0.9 to 0.4)
12 weeks 2.5 (1.8) 2.9 (2.1) −0.3 (−0.9 to 0.3)
18 weeks 2.5 (1.9) 2.7 (2.0) −0.2 (−0.7 to 0.3) 0.83
During activity:
Baseline 5.6 (2.0) 5.4 (1.9)
6 weeks 3.9 (2.0) 4.6 (2.4) −0.7 (−1.6 to 0.1)
12 weeks 3.7 (2.2) 4.1 (2.4) −0.5 (−1.3 to 0.4)
18 weeks 3.6 (2.3) 4.1 (2.5) −0.6 (−1.3 to 0.2) 0.42
Function
Carrying bag:
Baseline 4.1 (1.8) 3.6 (2.0)
6 weeks 3.0 (1.8) 3.1 (2.1) −0.5 (−1.1 to 0.2)
12 weeks 3.0 (1.9) 3.2 (2..0) −0.4 (−1.0 to 0.2)
18 weeks 2.8 (1.8) 3.0 (2.1) −0.5 (−1.0 to 0.1) 0.26
Taking down from
cupboard:
Baseline 4.9 (1.2) 4.6 (1.8)
6 weeks 3.4 (1.7) 3.9 (1.9) −0.7 (−1.3 to −0.01)
12 weeks 3.1 (1.9) 3.5 (2.0) −0.5 (−1.2 to 0.2)
18 weeks 3.2 (1.8) 3.4 (2.0) −0.5 (−1.1 to 0.1) 0.2
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Fig 2 | Mean shoulder pain and disability index scores with
95% confidence intervals for supervised exercises and radial
extracorporeal shockwave treatment
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18 weeks, which may indicate that supervised exercise
is a more comprehensive rehabilitation intervention.
Strengths and limitations
The advantages of this study are the randomised
design, stratification by sex, treatments provided by
physiotherapists experienced in the use of the meth-
ods, high compliance, blinded observer, large number
of patients attending follow-up, and intention to treat
analysis.
At least threepossiblelimitationsmust be takeninto
account when interpreting the results. Firstly, we did
not include a placebo group and cannot exclude the
possibility that the observed results reflect a placebo
effectorthenaturalcourseofthecondition.Aprevious
trial reported that a supervised exercise regimen was
superiortoplacebo,sowefounditdifficulttojustifythe
inclusionof a placebogroup.
21 Onthe other hand,two
trials found no difference between sham and extra-
corporealshockwavetreatment.
714Wedidnotinclude
a placebo radial extracorporeal shockwave group and
cannotsubstantiatetheplaceboeffectinourstudy.Sec-
ondly,localanaestheticswerenotinjectedintothesub-
acromialspacetoimprovediagnosticaccuracy.Onthe
other hand, rotator cuff disease or subacromial
shoulder pain is a clinical diagnosis and we used the
recommendedcombinationofclinicalteststoimprove
patient selection.
17 Thirdly, the study may be under-
poweredfordetectingdifferencesinthesecondaryout-
come variables. We used a univariate analysis of
covariance to calculate the sample size with regard to
the primary outcome.
27
Comparison with existing literature
Ourresultsareinagreementwithresultsfromprevious
trials recommending exercise therapy
9-1131 and do not
strengthenthe evidence for extracorporeal shockwave
treatment.
67141532The difference in shoulder pain and
disability index score of 8.4 points at the 18 week fol-
low-up was somewhat smaller than the difference (10
points) the study was designed to detect. For inter-
pretingtheeffectivenessofthetreatment,wemustcon-
sider not only statistical significance but also whether
the improvement (or deterioration) is relevant for the
patientsorclinicians.
33Byusingthesmallestdetectable
real difference for an individual patient of 19.6 points
as a cut-off point, we found that a larger proportion of
patients in the supervised exercise group than in the
radial extracorporeal shockwave treatment group
improved.
19 This suggeststhat more patients receiving
supervised exercises had clinically relevant
improvement.
1934 The number needed to treat to ben-
efit from supervised exercises was three, which is con-
sidered clinically important.
29 However, the estimate
of number needed to treat has to be interpreted with
caution because of possible differences in the study
population recruited from a university hospital and
the population in primary care to which we wish to
extrapolate.
Theshoulderpainanddisabilityindexisacombined
score reported to be one of the most responsive
shoulder specific questionnaires available and more
responsive than single subjective evaluations of pain
and function or objective measures of range of
motion.
19 The observed improvements were largest
at six weeks, suggestingthat a reduction of mechanical
subacromial stress and normalisation of movement
patterns had occurred within a relatively short treat-
ment period. The content of the supervised exercise
intervention was slightly different from the study of
Brox et al.
21Fewer patientsuseda slingfor homeexer-
cises in our study; all supervision was finished within
12weeks;andseparatelessonsonfunctionalanatomy,
painmanagement,andergonomicswerenotincluded.
Follow-up in Brox et al’s study was at three and six
months and two years.
Table 4 |Patients who changed treatment or diagnosis within first 18 weeks
Reason
Supervised
exercises
Radial extracorporeal
shockwave treatment
Adhesive capsulitis 2 1
Polymyalgia rheumatica 1
Depression 1
Crossed over to supervised exercises before 18 weeks 0 2*
Operated on before 18 weeks 0 1
*One after a single treatment, and one after four treatments.
Table 3 |Work status and drug treatment. Values are numbers (percentages) unless stated
otherwise
Outcome
Supervised
exercises
Radial extracorporeal
shockwave treatment P value
Working*:
Baseline 31/52 (60) 26/52 (50)
12 weeks 32/50 (64) 28/52 (54) 0.6
18 weeks 38/50 (76) 26/50 (52) 0.016
Drug treatment† (daily/each week):
Baseline 26/52 (50) 23/52 (44)
18 weeks 18/50 (36) 22/50 (44) 0.26
*Old age pension not included (four in supervised exercise group and two in radial extracorporeal shockwave
group at all follow-ups).
†Includes drug treatments for pain, sleep problems, and depression.
WHAT IS ALREADY KNOWN ON THIS TOPIC
Supervised exercises and arthroscopic surgery are better
than placebo treatment for shoulder pain
Moderate evidence suggests that low energy radial
extracorporealshockwavetreatmentisnoteffectivefornon-
calcifying rotator cuff tendinosis
WHAT THIS STUDY ADDS
Supervised exercises are better than radial extracorporeal
shockwave treatment for short term improvement in
patients with subacromial shoulder pain
Morepatientstreatedwithsupervisedexercisesreturnedto
work
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After 18 weeks, supervised exercises were better than
radial extracorporeal shockwave treatment in terms of
the primary outcome variable—the shoulder pain and
disabilityindex—andonesecondaryoutcomevariable
—work status. We found no significant differences for
the other secondary outcome variables of pain, func-
tion,activerangeofmotion,anduseofdrugtreatment.
More patients in the supervised exercise group
improved, probably owing to a treatment effect.
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